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(54) Method and composite arrangement inhibiting corrosion of a metal layer following chemical 
mechanical polishing 

(57) High through-put CM P is achieved with a corro- 
sion resistant metal layer by a multi-step polishing tech- 
nique. Embodiment of the present invention include 
forming a copper containing layer (60) on a substrate 
(1 0); polishing the copper containing layer to substan- 
tially planarize and expose a surface of the layer; buffing 
the substrate having the substantially planarized and 
exposed copper containing layer with a buffing pad; 
rinsing the buffed substrate with a solution comprising 
up to about 1 weight percent of benzotriazole in deion- 
ized water subsequent o or during buffing to form a cor- 
rosion inhibiting layer of benzotriazole on the copper 
containing layer; and separating the substrate from the 
buffing pad without applying substantial pressure 
between the substrate and the buffing pad such that the 
benzotriazole layer remains substantially intact and pre- 
vents corrosion of the copper containing layer. 
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planarizing process. For example, benzotriazote has been add d to slurry compositions togeth r with the oxidants and 
abrasives (s e, .g. U.S. Patent No. 5,664,989). 

[0009] In applying conventional planarization techniques, such as CMP, to Cu, it is extremely difficult to achieve a 
high degree surface uniformity, particularly across a surface extending from a dense array of Cu features, .g., Cu lines, 

5 bordered by an open field. A dense array of metal (Cu) features is typically formed in an interlayer dielectric, such as a 
silicon oxide layer, by a damascene technique wherein trenches are initially formed. A barrier layer, such as a Ta-con- 
taining layer is then deposited lining the trenches and on the upper surface of the silicon oxide interlayer dielectric. Cu 
or a Cu alloy is then deposited by conventional copper or copper atioy forming techniques. Excess Cu or Cu alloy is then 
removed, by one or more polishing steps including employing different polishing pads under different polishing condi- 

10 tions, the barrier layer and any remaining Cu or Cu alloy is then removed by yet another polishing step. Finally excess 
slurry and/or particles are removed from the planarized surface by rinsing the substrate, typically with deionized water. 
[0010] After planarizing and exposing the bare metal surface to deionized water, there is a propensity for the metal, 
particularly Cu or a Cu alloy, to oxidize or corrode in the aqueous environment. Corrosion is particularly problematic in 
interconnect structures because the corroded metal is unable to reliably carry electrical current in smaller-sized circuit 

15 lines. In fact, it has been observed that corrosion can be as high as 50 -60 A after a CMP process of a copper film. 
[0011] Further, any component of the slurry or polishing process that may have been added to protect the 
planarized metal film during the CMP process is likely to be removed or stripped during the CMP process itself, or 
washed away upon the rinse step or removed by the process of removing the substrate from the polishing pad. 
[0012] Typically, the carrier head is used to remove the substrate from the polishing pad after one stage of the pol- 

20 ishing process has been completed. In this process, a carrier head is pushed down on the back side of the substrate to 
form a fluid tight seal between the carrier head and the substrate. Vacuum is then applied to the backside of the pinned 
substrate forming a vacuum tight seal between the carrier head and the substrate causing the substrate to be vacu- 
umed chucked to the carrier head. After the substrate has been vacuumed chucked, the carrier head is retracted pulling 
the substrate off of the polishing pad. Under certain circumstances and conditions, the substrate removal process may 

25 also remove any corrosion protection that may have been developed during CMP rendering the bare metal film suscep- 
tible to significant corrosion, particularly since the polished metal film, at this point, is still wet from the rinse step. 
[0013] Hence, a continuing need exists for protecting planarized and polished metal films subsequent to CMP from 
oxidation and corrosion. 

[0014] An aspect of the present invention is a corrosion resistant copper metallization. 
30 [0015] An additional aspect of the present invention is a method of forming a corrosion resistant metal layer over a 
semiconductor substrate following CMP. 

[0016] Additional aspects and other features of the present invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary skill in the art upon examination of the following or 
may be learned from the practice of the invention. The aspects of the invention may be realized and obtained as panic- 

35 ularfy pointed out in the appended claims. 

[0017] According to the present invention, the foregoing and other aspects are achieved in part by a composite 
arrangement comprising a semiconductor substrate having a metal layer thereon and a corrosion inhibiting amount of 
an inhibitor on the metal layer. The corrosion resistant inhibitor advantageously passivates the metal layer from oxida- 
tion and can be formed by applying at least one compound that substantially inhibits the interaction of oxygen or other 

40 corrosive substances, such as water or ions in an aqueous solution, from deleteriously interacting with a newly exposed 
metal surface. 

[0018] Embodiments of the present invention include a composite arrangement comprising a semiconductor sub- 
strate having a copper containing layer on the semiconductor substrate and a corrosion inhibiting amount of an amine 
compound, e.g. Triazole CTTA") or benzotriazole ("BTA"), on the copper containing layer. The corrosion inhibiting layer 

45 can be formed up to about 25 nm, e.g., from about 0.5 nm to about 4.0 nm.. 

[0019] In a further embodiment of the present invention, the composite arrangement comprises: a semiconductor 
substrate; a dielectric layer, such as a silicon oxide layer, on the semiconductor substrate; a barrier layer, such as a Ta- 
containing barrier layer, e.g. Ta, TaN or TIN, on the dielectric layer; a metal layer, e.g. a copper or copper alloy layer, on 
the barrier layer; and a corrosion inhibiting amount of an inhibitor, e.g. benzotriazole or triazole, on the metal layer. 

so [0020] Another aspect of the present invention is a method of planarizing and forming a corrosion resistant metal 
layer, e.g. a copper containing layer, on a semiconductor substrate. The method comprises: forming a metal layer over 
the substrate; polishing the metal layer, as with a chemical mechanical polisher, to substantially planarize and expose 
a surface of the metal layer; and applying a composition to form a corrosion inhibiting layer on the exposed surface of 
the metal layer. 

55 [0021] By this method, the pot ntial conductive loss, due to oxidation and corrosion, of the xposed polish d metal 
film is minimized, if not eliminated altogether. It is particularly advantageous to substantially exclude abrasiv particles 
or abrasive components from th applied composition. Abrasives in the applied composition defeat the formation of a 
passivated metal surfac by abrading or otherwise substantially removing the corrosion inhibiting layer formed on the 
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metal surface during the application of the composition 

andTnlgS^^' ^ ^ " SUbS,ant ' al,y "° pressure betwee " »• Strata and ,he buffing pad during the buffing 
Fig. 1 shows a composite arrangement of the present invention prior to planarization 

inventiir^ ' ^ * h °' din9 8 ""*»*^ substrate in accordance Wrth the present 
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[0031] Referring the Figure 1 , a composite arrangement of the present invention is illustrated prior to planarization. 
The composite arrangement comprises silicon substrate 10 having dielectric layer 20 ther on, silicon nitride lay r 30 on 
the dielectric film 20, and a second dielectric film 40, such as a silicon dioxide film, e.g. PETEOS t overlaying silicon 
nitride 30. Barrier film 50, .g. a film of Ta, TaN, or TiN, having a thickness of about 200-500 A overlays dielectric lay r 

5 40 and copper layer 60 having an initial thickness of about 5,000-1 0,000 A overlays barrier film 50. Planarizing a copper 
layer, as depicted in Figure 1 , of the present invention is achieved by employing a strategic multi-step process. 
[0032] In practicing the present invention, a multi-step CMP process is employed comprising: CMP of the copper 
layer employing a conventional polishing pad and stopping on the Ta or TaN barrier layer; removing the Ta or TaN barrier 
layer; buffing the surface of the silicon oxide interlayer dielectric to reduce or eliminate scratching and defects; and rins- 

w ing and protecting the planarized metat surface with a composition comprising a corrosion inhibiting amount of an inhib- 
itor. The contaminants and particles resulting from the CMP are removed by rinsing the polished substrate surface with 
a solution comprising the inhibitor in deionized water, for example. The corrosion resistant layer can be formed having 
a thickness of no greater than about 4.0 nm over the planarized copper layer. 

[0033] A consideration affecting the formed passivated metal film is the handling of the substrate subsequent to 
15 planarizing and polishing the metal film. Conventionally, the substrate is removed from the polishing pad by applying a 
force to the substrate sandwiching the carrier head, substrate and polishing pad together. This method causes frictional 
forces between the pad and substrate removing any protection that may have been applied to the substrate during the 
CMP process. 

[0034] The present invention contemplates that the formation of the corrosion inhibiting film on the surface of a 
20 freshly formed copper film is carried out under zero, or very low sheer stress. I n an embodiment of the present invention, 
the formation of the corrosion inhibiting film is carried out at no greater than about 1 .5 psi, at the surface of the copper 
layer during or subsequent to CMP. 

[0035] Preserving the newly formed corrosion inhibiting film on the metal layer is accomplished by removing the 
polished substrate from the polishing pad without introducing any sheer stress at the surface of the metal layer. In an 
25 embodiment of the present invention, the substrate is removed form the polishing pad free of the application of pressure 
between the pad and substrate surface. In an embodiment of the present invention, the substrate is removed fonm.the 
polishing pad at a pressure of no greater than about 1 psi. 

[0036] A multi-station CMP polishing apparatus is employed in practicing the invention. The CMP apparatus has at 
least one carrier head for manipulating a semiconductor substrate and at least one platen for receiving and rotating a 

30 polishing pad. A detailed description of a CMP apparatus can be found in U.S. Patent No. 5,738,574 and assigned to 
the assignee of the present invention, the disclosure of which is hereby incorporated by reference. 
[0037] The carrier assembly is employed both to press the substrate to a. polishing pad and to remove the substrate 
from the polishing pad after one stage of the polishing process has been completed. Carrier assemblies typically 
include a housing, a base attached to the housing, a substrate backing assembly, attached to the base, for holding the 

35 substrate and a loading mechanism in the housing to provide pressure to the base and substrate backing assembly. A 
detailed description of a carrier head assembly can be found in U.S. Patent No. 5,957,751 and U.S. patent application 
Serial No. 08/745,670 by Zuniga et al. filed November 8, 1996, entitled A CARRIER HEAD WITH A FLEXIBLE MEM- 
BRANE FOR A CHEMICAL MECHANICAL POLISHING SYSTEM, both assigned to the assignee of the present inven- 
tion, both disclosures of which are hereby incorporated in their entirety by reference. 

40 [0038] Figure 2 illustrates a support plate, 200, which is part of substrate backing assembly (not show for illustrative 
convenience) and a flexible member, 230, surrounding support plate 200. The backing assembly would typically be 
attached to base and housing respectfully (also not shown for illustrative convenience). Support plate 200 may gener- 
ally be a disk-shaped rigid member having a generally planar lower surface 21 0 with a horizontally-projecting lip 220 at 
its outer edge. Support plate 200 may be formed of aluminum or stainless steel. A plurality of apertures (not shown) 

45 may extend vertically through support plate 200 to allow communication of a vacuum source with lower surface 21 0 and 
membrane 230. 

[0039] Figure 2 illustrates a carrier head 200 with a flexible membrane 230 secured to a carrier base assembly 210, 
and a retaining ring 220 (other possible elements in the carrier head are not illustrated for convenience). Flexible mem- 
brane 230 is formed of a flexible and elastic material. A lower surface of a central portion 232 of membrane 230 pro- 

50 vides a mounting surface 238 for receiving a substrate. A perimeter portion 234 of membrane 230 is clamped between 
carrier base assembly 21 0 and retaining ring 220. Alternatively, the perimeter portion of membrane can be secured to 
a support structure, which can be movably coupled to the carrier base assembly 21 0. A volume between flexible mem- 
brane 230 and carrier base assembly 210 provides a chamber 240 that can be pressurized or evacuated to control the 
pressure on the substrate. Membrane 230 can also include an outer flap 236 connecting center portion 232 to perimeter 

55 portion 234. As discussed in U.S. Patent Application Serial No. 09/296,935, filed April 22, 1 999, incorporated h rein by 
reference, outer flap 236 can form a seal with the backside of the mounted substrate. When chamber 240 is evacuated, 
the substrate is vacuum chucked to the mounting surface 238, and is pulled away from the polishing pad. This vacuum 
chucking procedure can be performed without applying a substantial downward pressure on the substrate. 
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Tslndp^ 
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ferred to a third pad (a soft polishing pad) and rinsed 1.! ' " be rem ° Ved from this s * c ™« Pad, trans- 
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[0043] m an embodiment of the present invention SS^Jif ^ ^ C ° ntaCting thS pad Under te wei 9*- 
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metal features in the deep submicron range * manufacture of high density semiconductor devices with 
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resistant amount of an inhibitor on the metal layer. 

2. A composite arrangement as claimed in claim 1 , wher in the metal layer compris s a copper containing lay r. 

3. A composite arrangement as claimed in claim 2, comprising a corrosion inhibiting amount of a passivating amin 
compound or mixtures thereof as the inhibitor on the copper containing layer. . 

4. A composite arrangement as claimed in any of claims 1 to 3, wherein the corrosion inhibiting layer has a thickness 
of up to about 25 nm. 

5. A composite arrangement as claimed in any of claims 1 to 4,. further comprising a dielectric layer on the semicon- 
ductor substrate, a barrier layer on the dielectric layer, the metal layer on the barrier layer and the inhibitor on the 
metal layer. 

is 6. A method of planarizing and forming a corrosion resistant metal layer on a semiconductor substrate, the method 
comprising: 

forming a metal layer over the substrate; 

polishing the metal layer to substantially planarize and expose a surface of the metal layer; and 
20 applying a corrosion inhibiting composition on the polished metal layer to form a corrosion inhibiting layer on 

the exposed surface of the metal layer. 

7. A method as claimed in claim 6, comprising: 

25 polishing the metal layer with a polishing pad; 

applying the corrosion inhibiting composition to the polished metal layer; and 

separating the substrate from the polishing pad such that the corrosion inhibiting metal layer remains substan- 
tially intact. 

30 8. A method as claimed in claim 6, comprising: 

buffing the substrate having the substantially planarized and exposed metal layer with a buffing pad; 
applying the composition to the substrate subsequent to or during buffing to form the corrosion resistant metal 
layer; and 

35 separating the substrate from the buffing pad such that the corrosion inhibiting metal layer remains substan- 

tially intact. 

9. A method as claimed in claim 8, comprising buffing the substrate such that the pressure between the substrate and 
the buffing pad during the buffing and applying the composition is no greater than about 1 psi. 

40 

10. A method as claimed in claim 9, comprising 

separating the substrate from the buffing pad free from the application of pressure between the buffing pad and 
the substrate 

11. A method as claimed in any of claims 8 to 10, comprising separating the substrate from the buffing paid. 

12. A method as claimed in any of claims 6 to 1 0, comprising applying a composition substantially free of abrasives as 
the composition to form the corrosion inhibiting layer on the exposed metal surface. 

13. A method as claimed in any of claims 6 to 12, comprising applying an aqueous solution having a corrosion inhibiting 
amount of an passivating amine compound or mixtures thereof as the composition to form the corrosion inhibiting 
layer on the exposed surface of the metal layer. 

55 14. A method as claimed in any of claims 6 to 13, comprising applying an aqueous solution comprising up to about 1 
weight percent of a corrosion inhibitor as the composition. 

15. A method as claimed in any of claims 6 to 14, comprising applying an aqueous solution comprising a cyclic amine 
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compound or mixtures thereof as the composition. 
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